Closed-loop supply chain management is an effective and efficient solution for a set of activities to retrieve a product from a customer and improve its value or to dispose it. Today, designing and planning a closed-loop chain is an inevitable but difficult task. In this research, a scenariobased modeling approach is presented by considering both forward and reverse flows as a closedloop supply chains in steel industry. The proposed study also develops a multi-product and multiperiod model based on a mixed integer linear programming (MILP) approach for profit maximization. The study also considers uncertainty in the amount of raw material, processing, storage and distribution of several products flow. Uncertainty is associated with the quantity and quality of the products in the reverse flow, which are directly affected by customers and sorting centers, respectively. Finally, the model is deployed in Steel industry with real data. The results show that by increasing the quality level of returned products the need for raw materials is reduced and the total profit of the supply chain is increased.
Introduction
Companies connect their systems to the sustainable processes due to external forces such as environmental regulations, improvement operations, profitability, customer awareness and social responsibilities. Returned product planning is one of the most important sustainable processes, designed with a management approach called reverse logistics . Consumed or disposed products are gathered from consumers by companies with the help of reverse logistics for the purpose of recycling to enhance sustainability, overall profitability and productivity (Temur & Balot, 2012) . The necessity of more investigation on the reverse supply chain becomes more important with the development of industries and reduction of initial resources, enhancing the cost of supplying resources and environmental requirements . Also, new and guaranteed business opportunities for different industries have been created using the environmental considerations such as returned management, waste management, pollutants management, recycling and reducing pollution, along with cost-effectiveness from lifecycle extension. Many companies and industries in advanced countries have begun research in this field over the past two decades, and the issues including policies for returned product with quick response times, customer-defined services, and more emphasis on returned management, transformation and restoration of expired goods have been raised in this regard (Cannella et al., 2016) . Accordingly, the return management has recently been considered as one of the logistics chain issues. The return management issue has been increasingly important so that nowadays, it is regarded as an element of strategic business (Masoudi, 2011) . Therefore, it can be said that a reverse supply chain needs product return flow management to obtain the stability and profitability (Ene & Ozturk, 2017) . Beside this, different approaches have been applied to cope with uncertainty, including stochastic programming such as possibility distribution, stochastic constraints, and two-stage stochastic programming (Jeihoonian et al., 2017) , fuzzy logic (type-1&2 fuzzy approaches), distance planning approaches (considering the distance values for uncertain parameters) , Chaos theory and a combination of mentioned approaches (Amin & Baki, 2017) . In addition, the scenario-based approaches can be applied separately or by solution method of different nondeterministic approaches. Most research efforts on supply chain designing and planning have considered the non-deterministic parameters in the forward flow (Kadambala et al., 2017) , but combining the backward flow caused to appear several new sources of uncertainty in return times, the quality and the quantity of returns, etc. (Akcali & Cetinkaya, 2011) . It is worth noting that, most of the traditional supply chains have been operating only as forward all over the world, especially Iran steel supply chain in recent years is no exception. The steel recycling industry, as an important industry in the country, collects scrap, iron and steel, and makes them reusable in the industry by melting and converting them into ingots. The ingots, produced in the casting workshops, are turned into valuable parts, and in this way, the scrap and iron and steel waste are re-entered into the consumption cycle (Cannella et al., 2016) .
Based on what was said above, this paper aims to design a closed-loop supply chain by determining the number and place of network nodes (including factory, warehouse, customer, collection centers, and disposal centers) at a time horizon. In addition, the best possible planning has been examined for supply, production, transportation, storage, and collection at various time periods. The final goal is to maximize the chain's profit. In this paper, according to the above-mentioned cases, the steel industry is an appropriate option for reviewing as the case study, because the quality level of the collected scrap iron affects the product and it is necessary to make changes in final product in order to convert each level to the desired steel.
Research Background
The study of the closed-loop supply chains has become the main branch of the supply chain literature in the last decade, and more attention has been spent to understand, to manage and to improve the structure of these types of supply chains (Adenso-Diaz et al., 2012; He, 2015) . In other words, this kind of supply chain focuses on retrieved products from customers and improves their added values by reusing the entire product or some modules, parts, and components (Dowlatshahi, 2010) . The forward flow of materials/products, mainly from suppliers to producers, distributors, retailers and ultimately, customers is what is happening in the traditional flow of goods, and industry leaders emphasize on it. However, there is another important flow in supply chains of many industries that are inversely shaped, so that products flow from lower levels of supply chain to upper levels. Hence, designing and planning a closed-loop chain is an inevitable but difficult issue. On the other hand, the number of returned products plays an important role to create a profitable reverse chain (Soleymani et al., 2014) . The increasing and constantly changing requirements of the customers are some of the main challenges according to its significant effect on the efficiency of the production system (Gupta & Marans, 2003) . Therefore, as Papageorgio (2009) pointed out, the need to understand the source of uncertainty has become an important issue. The optimization approaches will be very useful which consider uncertainty, although will lead to very large models in the uncertainty environment according to many parameters. In Sahinidis (2004) and Li and Ierapetritou (2008) , it can be seen the optimization approaches to face with uncertainty in the structure and management of organizations and their processes. Most articles on uncertainty modeling focus on re-production and inventory planning, while the quality of returned materials has a significant effect on costs. This has been shown in the research of Denizen et al. (2010) where they focused on reproduction planning by designing a linear programming. Also, strategic horizon of supply chain design will intensify the effect of uncertainty on issues. In addition, Fleishman et al. (2016) stated that because controlling and estimating the value and quality of returned products is difficult, this issue becomes more important in the reverse supply chain. The importance of considering uncertainty caused the researchers show non-deterministic parameters in designing the supply chain network (Gaur et al, 2017) . Table 1 illustrates the important research in field of closed-loop supply chain designing. 
As the literature represents, mixed integer linear programming (MILP) is one of the most common solution methods. These models vary from a single-product model to a multi-product model or multiobjective model (Darbari et al., 2017) . For the subject of the uncertainty, optimization techniques have been applied in a MILP framework, including interval programming (Özceylan et al., 2017) , Fuzzy programming (Vahdani et al., 2013) , stochastic programming (Farrokh et al., 2018) and so on. Pishvaee and Rabbani (2011) provided a robust optimization model for uncertainty on input data in the issues of designing the closed-loop supply chain. Vahdani et al. (2013) provided a reliable network of facilities in closed-loop supply chain with the uncertainty that have used a novel interactive hybrid methodology to solve their proposed model. Chen and Chang (2006) paid attention to the supply chain model with fuzzy parameters and chose a solution method that could calculate the fuzzy value of the goals. Articles with a stochastic programming approach have reviewed closed loop supply chain (CLSC) designing with uncertainty. Salema et al. (2007) proposed the MILP model for designing a single-period, singleproduct reverse logistics network with limited capacity and uncertainty in demand and returned product. Lee and Dong (2009) provided a two-stage stochastic programming model for designing a multi-period network. Since the mathematical optimization techniques are limited in size and complexity, most authors have used meta-heuristic algorithms based on simulated annealing approach (Mohammed et al., 2017) . Amin and Zhang (2013) provided a randomized mixed integer linear programming model for a single-period, multi-product CLSC designing that included several factories, collection centers, and demand markets. This model considers demand and returned products with uncertainty parameters. Cardoso and Barbosa Povoa (2013) provided an optimization model for CLSC and it reviewed developing the capacity and dynamic transportation in uncertainty situations in product demand. Ghassemi et al. (2018) investigated the configuration of a closed-loop supply chain network, which involves suppliers, a single manufacturer, customers, collection/disassembly centers, disposal centers, a single recovery center and subcontractors. Alamdar et al. (2019) provided a stochastic model of a CLSC with one risk-averse manufacturer, one risk-averse retailer and one risk-averse third party is developed. According to the results, the third party-led model has better performance than manufacturer-led model.
Problem Definition
A supply chain has 3 major process: 1) production and warehousing, 2) transportation and distribution, and 3) re-production where one or more entities can be achieved in each of these processes: factories, warehouses, distribution centers, customers, collection centers and recycling centers. In each of these facilities, several products and materials can be transported and transformed, simultaneously. This paper has considered five entities: factory, warehouse, costumer, recycling centers and disposal centers. Traditionally, in supply chain models, it is assumed that customers exist in their place where their demand has to be met. In this model, there is also a set of customers with demand and return, but with the difference that customers may be selected or not for membership in the supply chain, and even if they choose, only part of their demand be may be met. The penalty cost is imposed on customers who are not selected at all and customers who are not satisfied with a part of their demands. In the distribution section, the customer demand is met through warehouses, which can do additional work on the product. Transporting costs and warehousing costs occur in this section. Returned products are gathered in the collection centers. After the assembly and inspection activities, some of the components and materials are returned to the factories that are suitable for reuse. Other parts, which are not in good condition, are sent to disposal centers. The model assumptions are as follows:
 New and re-manufactured products are not recognizable,  Supply of new products has a lower and upper bound,  All facilities have a maximum capacity that can store the product,  The returned product rate is a portion of the supplied products,  Travel time is defined as the unit number of the short-term time to move a product from its origin to the destination and is modeled between different levels of the chain,  The time of product transforming and consuming is considered as minimum unit number of the short-term time where the product is produced (per facility) or consumed (per customer),  The cost of return products will different based on their quality.
Model Designing
We consider a supply chain G = (V, A) with a set of nodes (V) and a set of vectors (A) with n level. V can be defined as follow:
, ∅ where ≡ , Vi is a subset of nodes which belongs to the level n. Consider there is no need to connect Vt to all nodes of Vt+1, and therefore ≡ it will only represent potential connections. As a result:
Another mentioned condition in this model is a multi-product supply chain. Therefore, M is considered as a product set, and ≡ will be the flow-product pair as a subset extension of the vectors. Also, M is defined as A:
. ∅
There are two product categories for each node (input and output products) which are determined based on the place of the node at the beginning or at the end of the vector. Therefore, two subsets of nodes are defined, one for input products and one for output products . As a result, the supply chain structure can be defined as a graph ̅ . ̅ where V is a set of all entities and ̅ ⋃ ̅ is a set of extended vectors, for example, a set of products -flow pairs. The closed-loop supply chain structure is determined in the design stage, where the decision is made whether create or not the entities. This decision is made for a time period. The planning stage includes shorter times. Two-time scales are considered during the time period. A longer time (macro) is used to divide the time period which is considered as demand and returned values and a shorter time (micro), which allows for more detailed planning to determine demand and returned values. For example, in a 5-year period, the macro-scale is considered to be 1 year, and then it is divided into six-month intervals (micro). Consider as a member of the macro-time set and ́ as a member of the micro-time set. For each , it may include n of . In order to create a relationship between two-time scales, a function is defined that relates a time unit to the time unit in the past. This function is required when an action begins in the chain at a time period and continues until the next period. Consider and ́ , suppose (t, ) are the current moment. Now, we want to relate the current time with time at τ micro-time before. The return function γ is defined as follows:
where ∈ Z is the smallest integer larger or equal to and . As mentioned, the supply chain has a 5-node that in following we will provide required definitions. The sets are one of the most important features of this model that make it possible to define the overall structure of the network. Each node of the supply chain is defined by an entity (e.g., factory, warehouse, customer, etc.). Thus, the set of nodes V is divided into subsets that each refer to a specific node. Also, no entity can belong to two levels (subsets).
: potential points for building factory, ∈ ⊆ : potential points of customer, ∈ ⊆ : potential points for building recycling centers, ∈ ⊆ : potential points for building warehouse, ∈ ⊆ : potential points for building disposal centers, ∈ ⊆ Entity is the supplier of raw materials for If which it provides the slack of returned raw material. Here, the assumption is that the cost of transportation and are zero from this entity to the factories: ⊆ . The set of ∪ ∪ includes all entities that will have a fixed cost if they are opened or used. The customers may also be selected or not as a part of network, which is not considered a fixed cost for these states. The entities and products are related to each other. Therefore, developed entities are defined as product-entity pairs. Two sets must be defined differently according to that two entities in two sequential levels may be related to a product. So, consider the subsets of M that each of them refers to a different product:
: output products from factories, ∈ ⊆ : output products from customers, ∈ ⊆ : output products from supplier, ∈ ⊆ : output products from warehouses, ∈ ⊆ : output products from separation centers, ∈ ⊆
The developed entities are defined as follow sets:
. : ∈ ^ ∈ . : ∈ ^ ∈ . : ∈ ^ ∈ . : ∈ ^ ∈ . : ∈ ^ ∈
We can imagine two types of products for each node. In some constraints, it is necessary to define the relationship between the entity and input products. Therefore, two sets of input products can be defined for factory entities and customers, as follows:
. : ∈ ^ ∈ ∪ . : ∈ ^ ∈ . : ∈ ^ ∈ Also, the set of ⋃ ⋃ ⋃ is required to define the objective function. The flows in graph are connector of the different nodes of the chain that are defined by the entity-entity pair. The model has 5 levels, which are defined as a result of the flow: . The suppliers and disposal centers are two other parts of this model that a virtual entity is considered for each with that can be shown a flow between them.
. : ∈ ^ ∈ and . : ∈ ^ ∈ which are considered for the supplier and disposal center, respectively. The flow of the supplier is modeled as a flow of dummy entity, and the flow of the disposal center is modeled as a flow from each separation center to a disposal center. Like entities, flows can also be defined as developed considering products. As previously mentioned, each flow is related to a product, and so the following set can be defined:
. . : ∈ ^ . ∈ . . : ∈ ^ . ∈ . . : ∈ ^ . ∈ . . : ∈ ^ . ∈ And with adding the supplier and the disposal center, the following two sets are also added:
. . : ∈ ^ . ∈ . . : ∈ ^ . ∈ Consider t and t' as short time period (micro) and long time period (macro). We define two sets of t and t' as follow: t2, …, tn}, T'= {t'1, t'2, …, t'n} and . ′ : ∈ ^ ′ ∈ ′
The parameters of the model are as follows:
: required travel time between two entities i and j, ∅ : The time of production process for product m, γ : the time of travel and process that its result is earliest short time for product flow m ∈ M.
The scenarios are defined as follows: R: The return category levels of final product where r∈M (as optimistic and pessimistic), G: the output of separation and sorting process with g∈ , Q: Qualitative categorization of products as a result of the sorting process when q∈
The model independent parameters of time as follows:
: Recycling target for the product m, ∈ 0.1 : Relationship between product m and : The primary inventory of product (m) in entity i where i ∈ I : The cost of building the entity i : The cost of losing a potential customer i : Maximum and minimum supply level of entity i : Maximum storage capacity for the entity i : The possibility of g output for the ranking process : The possibility of occurring r output for return level : The purchase price per unit of raw material M in the factories : Return ratio for the final product ∈ at level r.
The model Time-related parameters as follows:
: The response level for customer i ∈ ) at time t : The demand of product m in entity i at the period of ∈ ̅ : The warehousing cost of entity i at time t ̅ : The price of product m ( ∈ ) at time t : The variable cost of returned product m to entity ∈ at time t ̅ : The transportation cost of product m from entity i to entity j at time t ̅ : The quality category cost of returned products m from entity i to entity j at time t ̅ : The quality category ratio in category g from product m from entity i to entity j at time t.
The continuous variables of model are as follows:
̅ : The amount of product m which was carried from entity i to entity j at time t under the scenario (r, g) with the return rate r and category g,
The amount of product m that is stored in entity i at time t under the scenario (r, g), ̅ : The amount of unsatisfied demand for the product m for the customer i at time t under the scenario (r, g), : Zero and none zero variable for building entity i.
Model Formulation
The multi-period, multi-product Mixed Integer Linear Programming (MILP) of Salema et al. (2010) is provided in this section which is one of the most common frameworks of stochastic programming. In this model, the uncertainty is considered through a set of independent scenarios representing how the performance will be different during planning period according to the limits of the quality level and the returned products. Therefore, a possibility is assigned to occur of each scenario. In the scenario-based approach, the uncertainty caused by the number of returned products from customers to the separation centers is considered as R that is the possibility of occurring is Pr. Each of these states represents a certain volume of returned product or a certain ratio of the final product. On the other hand, the second uncertainty factor is the returns which is obtained in the separation centers and are delivered to the factory and can be expressed in Q different categories. For example, it can be assumed that inputs are categorized based on three different groups: good, medium, and bad. Therefore, the quality of the returned products sent to the factory is a combination of these three categories with different percentages that is attributed it with uncertainty and are definable as an independent outputs G where Pg is the possibility of occurring each of states. The proposed approach defines scenarios for combining the independent points r and g where Ω .
, where the possibility of each scenario is Pr√Pg according to their independence, because the source of the two types of uncertainty has been considered independent. The considered objective function is to maximize the total profit of the supply chain (Eq. 1). In the following, we review the equations that form the objective function: The costs of establishing of the facility including factories, warehouses, separation centers and disposal centers. In this model, the penalty cost is significant from lost customer. Like the first one, this cost is independent from scenarios and is considered as first-level cost. The transportation cost is a secondlevel cost that will be related to the selected scenario and is displayed in the model with the possibility of the scenario. The forth cost is related to the categorized products which are delivered to a factory. The penalty cost is a ratio of the demand in the fifth sentence and the penalty cost for any inventory is in any entity other than the customer (sixth sentence), which will not be included . The seventh part is for the cost of supplying raw materials from the supplier Y0 in the factories because the amount of recycled goods is not always enough for consumption in subsequent periods and the factory is forced to supply raw materials. The eighth part is the revenue obtained from selling the final product delivered to customers under scenarios and for this reason, it is considered with multiplication of the possibility of occurring the scenario in the model. . ∈  ˄ . ∈ ˄ . ∈ ˄ ̅ : . . ∈  ˄ . ∈ ˄ . ∈ ˄ ̅ : . . ∈  ˄ . ∈ ˄ . ∈ ˄ ̅ : .
Eq. (6) is related to the customer's demand category that has a specific demand in time period. The unsatisfied amount of demand is shown in variable of U. Finally, this limitation satisfies the demand when customers are selected to enter the network:
The constraint 6 applies the minimum rate of customer's satisfaction. So, the amount of delivered product to customer i must be greater than or equal to cslit during the macro period ̅ .
The Eq. (8) considers the legal restrictions for recycling. Parameter αm is the minimum rate of recycling for product m, which has been expressed by environmental policies. Therefore, disassembly centers can only dispose less than 1 of the collected products.
, . ∈  ˄ . ∈ ˄ ∈ Eqs. (9)- (14) represent the lower and upper bounded of supply, which are also stated in most contracts. These amounts can be considered different for each factory to be aligned with managerial policies. 
Numerical Example
Nowadays, the crude steel production is performed in two main ways: first, providing melted iron in the furnace and steel production in oxygen converters and second, melting the scrap or sponge iron in electric arc furnaces. Scrap iron is directly converted into steel in electric arc furnace method. In Iran, 28.8% of crude steel production process is performed using blast furnace and oxygen convertor and 71.2% by electric arc furnace method. There is no clear information about the conditions and the consumption rate of iron scrap in Iran's steel production, but according to 20% consumption coefficient of scrap iron in steel production in the operating units, there is a need to produce an estimated amount of 12 billion tons of scrap iron where it can be seen the need for grounding and creating the appropriate conditions for recycling scrap iron and it is necessary to make a special planning to provide the required infrastructure for collecting the scrap metal. In this study, a schematic diagram is applied to represent the proposed CLSC structure, which is used from factory to customer and return from the customer to the factory. Each node represents an entity in the supply chain (such as a factory, warehouse, customer, etc.), and each vector between the two nodes represents the current flow between the two entities. The proposed CLSC structure includes five potential points for building a factory, warehouse, recycling center, disposal center and potential customer. The factories receive two raw materials (M 1 and M 2 ) for producing three different product types (F1, F2, F3), and these products are sent to warehouses where other operations are performed, such as deformation, etc. and eventually, is resulted in six final products (A1 to A6). Customers actually purchase these final products. As a result, demand for each product will vary in terms of customers. Table 2 illustrates the demand of each customer for product A1 as an example in the first half of the planning period.
Table 2
Demand of each customer for product A1 over time periods
Product
Customer ID Time Periods  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  A1  I01  187563 188832 200107 201388 203787 205080 206270 206575 207888 200207  A1  I02  107034 A part of the six products will be sent to separation centers by consumers after consumption, each product having its own return ratio. The separation centers categorize returned products with different qualitative levels. It is assumed that the separation centers categorize the returned products into three qualitative categories and they are sent to factories based on the qualitative categorization in order to use in the new product or send to disposal centers, that disposal should not be exceeded from legal limitation. Fig. 1 shows the material flow in this closed-loop supply chain. The quality of the returned products is considered as non-deterministic and with five possible situations: excellent, good, medium, bad and very bad. Each situation is a combination of different qualities, including good, medium and bad that are the results of the categorization process in the separation centers. Table 3 illustrates the possibility of each situation and the percentage of returned products in each qualitative category. As mentioned, the returned product is categorized in the separation centers before sending to the factories. According to that the returned products compete with raw materials for producing the new product, their combination and price will be the critical parameters for the system. Table 4 shows the data by providing the price of raw materials and returned categorized products. The non-deterministic quantity of returned products is estimated at three levels of optimistic (R1), possible (R2) and pessimistic (R3). Table 5 shows the returned ratio of the final products and their possibility of occurrence at each level. Table 6 The price of final product ($)
Product Type   Time periods  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  A1 Also, Table 6 shows the final products price (A1-A6) in time periods. It should be mentioned that the price of the products is also considered incremental based on the current prices and linear based on prediction function.
Computational results
Many studies have been conducted to investigate the effects of parameters related to the quality and quantity of returned flow on designing the closed loop supply chain. To describe these effects in the presented model, non-deterministic scenarios and parameters have been considered, simultaneously, that the output of this model in optimal conditions was investigated with actual values and using the Cplex solver of the GAMS software, on a computer with 4 GB internal memory under Windows 10 is performed. Five different scenarios were considered to investigate the effect of different qualitative levels of returned products. Table 7 shows the results of the best scenario of main network for five different scenarios. As it is seen in Table 8 , the quality of the returns has a significant effect on maximizing the profits. Therefore, the more profit is obtained when all of returns have got a good quality (G1). The size of the network is decreased by reducing the quality of the returns and get its minimum at the (G5), and finally it leads to minimum the number of customers and separation centers. In the state of G3 to G5, the network structure is largely unchanged, but the chain's profit is heavily influenced by changes in sales and increasing costs.
Table 7
The output of model in optimal conditions Total entities  2  5  3  5  2  4  3  3  2  4  3  2  2  3  2 According to the unsatisfying cost for the customers' demand in this model, the parameter U received different values in different periods, this value used for period T2-T5 as example in the following table for G1 and the first three products in different customers.
Table 8
The number of customers' unsatisfied demand during periods T2-T5 Table 9 The amount of inventory at the end of the period during periods 2 to 5   T2  T3  T4  T5  R1  G1  M1  I01  D  6000  6000  R1  G1  M1  I02  D  6000  6000  R1  G1  M1  I03  D  6000  6000  R1  G1  M1  I04  D  6000  6000  R1  G1  M1  I05  D  6000  6000  R1  G2  F1  I02  F  6000  6000  1425.4  R1  G2  F1  I04  F  6000  6000  517.4  R1  G2  F2  I02  F  6000  6000  506.4  R1  G2  F2  I04  F  6000  6000  1207.2  R1  G2  F3  I02  F  6000  5374.6  6000  R1  G2  F3  I04  F  6000 In this model, the parameter X is introduced as the number of moved products between entities. Table  10 shows the amount of moved goods between the factory and warehouse from one qualitative and quantitative returned level, three products and in a period T1-T5.
Table 10
The amount of moved product between entities within periods 2 to 5 Model Parameters  T1  T2  T3  T4  T5  R1  G1  F1  I02  I01  F  W  2000  2000  R1  G1  F1  I02  I02  F  W  2000  800000  3000  3000  R1  G1  F1  I02  I03  F  W  2000  R1  G1  F1  I02  I05  F  W  2000  R1  G1  F1  I04  I01  F  W  R1  G1  F1  I04  I03  F  W  R1  G1  F1  I04  I04  F  W  4000  754500  178380  36458  3516  R1  G1  F2  I02  I01  F  W  2000  R1  G1  F2  I02  I02  F  W  897667  900  4000  R1  G1  F2  I02  I03  F  W  4000  4322  2000  2000  R1  G1  F2  I02  I05  F  W  2000  2000  R1  G1  F2  I04  I01  F  W  624000  R1  G1  F2  I04  I04  F  W  226400  178380  30458  17504  R1  G1  F3  I02  I01  F  W  2000  R1  G1  F3  I02  I02  F  W  894657  6000  1500  1230  R1  G1  F3  I02  I03  F  W  R1  G1  F3  I02  I05  F  W  4323  2000  R1  G1  F3  I04  I01  F  W  754600  R1  G1  F3  I04  I04  F  W  178380  36457 
Conclusion and suggestions
In this paper, a scenario-based approach has been provided to overcome the uncertainty in the quantity and quality of returned products for designing a closed-loop supply chain. The strength of this study is to integrate two major sources of uncertainty simultaneously, combined with a better insight from the returning flow characteristics, and the consideration of variable demand during the time horizon. Formulation of the model evaluated by a real case in the steel industry and its numerical results have been presented in the previous section. From the obtained results in the model, it can be concluded that by increasing the quality level of returned products (from g5 to g1) the need for raw materials was reduced and increased the total profit of the chain. By increasing the number of returned products, due to increase operational costs (and the need to build new facilities), the rate of profitability was reduced, which can make the chain unprofitable at high levels of returned products. As a suggestion for further research, we may use heuristic algorithms to decrease the number of parameters in the proposed model and we leave it as a future studies.
